It was shown in the theory of computation that a classical reversible computer can be constructed on a basis of a universal three-qubit controlled-controlled-NOT (CCNOT) gate [1] . In quantum informatics, the CCNOT gate is generalized as a controlled-controlled unitary transformation (CCUT) gate [2] . The CCUT is a three-qubit gate, in which the controlled qubit is subjected to an arbitrary unitary rotation if and only if two controlling qubits are in the | 1 〉 state. The CCUT gate transforms into the CCNOT gate upon rotations through a certain angle [ ϕ mn = π , see below (4)]. However, it was found that the CCUT operation is hard to realize, because three-body interactions do not exist in nature. An indirect method was found in [3] : it turned out that the CCUT can be assembled from five twoqubit gates. This way was realized by a sequence of several NMR pulses in a system of three spins of 1/2 {equations (38) and (39) in [4]}.
In this work, a virtual spin formalism suggested in [5] is used to practically implement the CCUT gate in the simplest way, viz., by means of a single pulse on a single quantum particle. The advantages of practical use of such a device are beyond question.
Gate representation by three spins of 1/2 in quantum informatics. To construct three-qubit gates, quantum informatics exploits Hilbert space Γ that is organized as a direct product Γ = Γ Q ⊗ Γ R ⊗ Γ S of Hilbert spaces of three real spins of 1/2 Q , R , and S . The following eight states can be chosen as a basis for the Γ space:
where
Let us focus upon all possible gates based on the NOT operation. In a system of three spins, there are three NOT operations, viz., NOT on each spin with the unchanged states of the two other spins:
One can next introduce six controlled-NOT operations CNOT. For example, if the state of spin Q is controlled by the state of spin R , then
In the opposite situation, The CNOT operations for the RS and QS pairs are constructed in a similar manner.
Three CCNOT operations can also be introduced. For example, when the states of spin S are controlled by the states of Q and R , then
The CCNOT operations for the Q and R spins are constructed in a similar manner. A virtual spin formalism is suggested to demonstrate that a single quantum particle possessing eight suitable discrete energy levels can be used for storing three information qubits and organizing on them a universal set of logical operations that are necessary for constructing an arbitrary quantum algorithm. The formalism can be practically implemented on a nuclear spin 7/2 subjected to resonance rf pulses. A single-pulse realization is found for all quantum gates of a universal set, including a three-qubit gate. 
CONDENSED MATTER
Virtual spin formalism. In the presently known NMR realizations of quantum gates, one-cubit NOT operation is accomplished through spin rotation by resonance rf pulses. Spin dynamics necessary for the twoqubit CNOT operation necessitates a two-particle spinspin interaction [4] .
However, quantum dynamics can be realized on a separate spin of 7/2 without invoking spin-spin interactions. It is also important that the CCNOT operation is realized by applying a single rf pulse. This can be implemented through a special information coding on the states of a spin of 7/2 using a virtual spin formalism suggested in [5] .
A basis of the Hilbert Γ 7/2 space can be formed by the eigenfunctions χ m of the I z operator (m = ±1/2, ±3/2, ±5/2, ±7/2) or by the spin-energy eigenfunctions |ψ m 〉 defined below. Introducing notations M = 0, 1, 2, 3, 4, 5, 6, and 7 instead of the |ψ M 〉 = -7/2, -5/2, -3/2, -1/2, +1/2, +3/2, +5/2, and +7/2 indices, one can set the |M〉 = |m Q , m R , m S 〉 functions of virtual Q, R, and S spins of 1/2 into isomorphous correspondence to the |ψ M 〉 basis. Hence, to realize the above-mentioned gates, it is necessary to find a certain external action on a real spin of 7/2 such that the matrix of the evolution operator in the |ψ M 〉 basis coincides with the above expressions for the gates in the |M〉 basis.
Spin 7/2 and physical realization of gates. Let us consider the NMR spectrum of a nuclear spin I = 7/2 placed in a constant magnetic field H 0 and an axially symmetric crystal electric field: (1) where e is the electron charge; Q is the nuclear quadrupole moment; I β (β = x, y, z) are the spatial components of the spin vector; 2eq is the absolute value of the electric field gradient; and θ and ϕ are the polar angles determining the orientation of its symmetry axis in the laboratory frame. To be specific, we consider the case when the quadrupole interaction is weaker than the Zeeman energy, so that its contribution can be treated perturbatively. Nevertheless, the quadrupole shifts are assumed to substantially exceed the widths of spin energy levels, so that the stationary NMR spectrum consists of seven well-resolved resonance lines spaced at frequency intervals on the order of quadrupole interaction ω Q .
To a first approximation, the spin energy levels and eigenfunctions are (2) Note that the normalization factor for the |m〉 function is omitted.
To simplify presentation, we write the spin operators through the projective operators P mn , which are represented by 8 × 8 matrices whose matrix elements p kl are zero all except the p mn = 1 element. The projective operators satisfy very simple conditions: (3) Spin evolution under the action of an rf pulse inducing resonance transitions between the energy levels E m and E n (E m > E n ) is described by the operator [5] ( 4) where it is assumed that the varying magnetic field is directed along the X-axis; H rf , f, and Ω = Ω mn ≡ (E m -E n )/ប are its amplitude, phase, and frequency, respectively; and 1 is a unit operator in the Γ 7/2 space. After replacing f by f + π/2, expression (4) becomes valid for the Y-directed rf field.
Let us consider, in order of increasing gate complexity, how the information gates introduced above can be realized on the physical states of a separate spin of 7/2.
The CCNOT operation requires the application of one single-frequency pulse. For example, the CCNOT Q, R → S operation is accomplished by a pulse having frequency Ω 67 and producing rotation at an angle of π. In this case, the evolution operator has the form Using the above-mentioned isomorphism, one can see, e.g., that the equality holds. As a result, the evolution matrix V X (π 67 , 0) coincides, to a phase coefficient i of the nondiagonal operators, with the matrix of the CCNOT Q, R → S operation .
Likewise, 
